lines C,D,E and F shown in (a). We observe that the δG dI/dV sd extracted along lines A, B and C in plot (a). The arrows indicate the height of the conductance peaks for QD1 when QD2 is ON and OFF resonance to highlight the anomalous conductance.
We observe that the δG 
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Supplementary Note 1
Evaluation of an upper limit for interdot capacitance
As discussed in the main text we observe little evidence of inter-dot capacitive or tunnel coupling.
While the lack of tunnel coupling maybe expected due to physical separation of the QDs some inter-dot capacitance is expected due to the close proximity. From plots of differential conductance (measured using an ac-excitation of 10 µV ) as a function of V sg1 and V sg2 with the leads in the superconducting state (B = 0 T ) we attempt to extract estimates of the interdot capacitance from small shifts in the position of the Coulomb charging peaks for one QD when the second QD charge state is altered. Such analysis was found to be more accurate with leads in the superconducting state due to sharper transport features. An example of such data is shown in Supplementary Fig. 1 in which the position of the Coulomb peaks for QD1 have been estimated by fitting lorentzian line shapes to each peak for different constant V sg2 . Small deviations in the Coulomb peak positions allow us to assign an upper limit for the interdot capacitive coupling of ∼ 30 µeV which is significantly smaller than the superconducting energy gap of the leads (∆ ∼ 130 µeV ) and therefore plays an negligible role in the transport.
Supplementary Note 2
Dissipative transport in the superconducting state
In Fig. 2 (b) and (c) we present stability plots in the superconducting state (B = 0 T ) measured along dashed lines A and B in Supplementary Fig. 2 (a) for which the charge state and chemical potential of QD1 and QD2 are set to be constant respectively. At low V sd we observe clear signature of the quasi-particle tunnelling between the high density of states at the edge of the superconducting gap from which we determine ∆ ∼ 130 µeV . Additional subgap transport features indicate both multiple Andreev transport and signature of 'Yu-Shiba-Rusinov' bounds states 1, 2 .
The subgap transport features have been discussed for single QD junctions elsewhere [3] [4] [5] [6] [7] and are beyond the scope of the present study.
Supplementary Note 3
Aharanov-Bohm oscillations in the normal state
In Fig. 3 we plot the differential conductance measured at V sd = 0 V as a function of B applied outof-plane for three different gate conditions. We observe periodic oscillations of the conductance which indicate the Aharanov-Bohm (AB) effect in the device with a period ∆B AB ∼ 2.2 − 3.4 T . 
Supplementary Note 4
Additional normal state conductance data
In parallel double QDs interference effects due to inter-dot coupling have been considered in a range of theoretical and experimental works. In our system at the points where both QDs are ON resonance no anti-crossing, which is caused by the direct inter-dot coupling 8 , is observed and indeed the inter-dot tunnel coupling is expected to be negligible due to the physical separation of the QDs on the substrate. We naively expect the normal state transport to mimick a simple circuit with two parallel elements, where the conductance of each element may be summed to
give the conductance of the whole 9 . Contrary to this expectation we observe that the conductance is reduced from the expected value when both QDs are tuned to be ON or near resonance, as
shown for a representative set of data in Supplementary Fig. 4 . The anomalous conductance additivity is clear when we compare the peak conductance for QD2 with the QD1 OFF resonance δG peak QD2, QD1 OFF with the peak conductance for QD2 with QD1 ON resonance δG peak QD2,QD1 ON . In the case in Supplementary Fig. 4 we observe that the δG This effect may arise from a parasitic series resistance of approximately 2 − 5 kΩ, depending on the specific Coulomb peaks which are both ON resonance, when the transport leads are normal (note that our measurements are conducted using a 4-terminal setup eliminating the fridge lead 20 resistances down to the Aluminium contacts). Alternatively this effect may indicate an interaction or selectivity between the two transport paths which breaks the additivity of the conductance. In other devices with a larger separation between the perimeter of the QDs (see section which follows)
we do not observe this suppressed conductance effect leading us to conclude that the proximity of the contacts to the QDs at the source and drain leads is important. The cause of the anomalous conductance is not well understood but we can speculate that interference occurs within the leads near the contacts to the QDs when separation of the QD contacts approaches the free path of carriers in the leads. We also note that similar anomalous conductance effects have been observed in Andreev entangler devices reported elsewhere 10 and it has been speculated that when one QD is ON resonance the fast charge fluctuations can have an effect to dephase the other QD and reduce conductance. Finally it is interesting to note that the supercurrent in a QD Josephson junction typically scales with the normal state resistance 11 . Therefore our observation of lower conductance in the normal state and enhanced I sw in the superconducting state are at odds.
Normal state conductance has been measured for two other devices (sample 2 and sample 3)
in which the separation between the contacts of the two QDs in the source and drain was larger than for the sample in the main text, Supplemenatry Figs. 7 and 8. The indicated approximate separation of the perimeters of the QDs is estimated from the SEM image. In both cases we observe the additivity of the conductance when both QDs are tuned ON resonance. In these devices we were unable to detect non-dissipative Josephson current probably due to insufficient transparency of the contacts.
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Supplementary Note 5
Anomalous enhanced Josephson currents in other regions
Here we consider the case where QD1 is relatively strongly coupled to the leads resulting in a measurable local non-dissipative Josephson current while QD2 has weak coupling. In Supplementary   Fig. 9 (a) and (b) we show normal state transport measurements for such a region. The transport feature for QD2 ON resonance (dashed line A) is very weak. In the superconducting state we measure a clear switching current for conditions near transport resonances with QD1. When we measure with QD2 OFF resonance (traces B and C) we associate the measured switching current with local processes through QD1. We note that I sw is abruptly suppressed and becomes unmeasurable when the occupation of QD1 is tuned to odd parity. The suppression occurs on the odd-valley side of the Coulomb charging peaks for QD1 and is consistent with previous observations of a parity driven quantum phase transition in the ground state of the system between singlet and 'magnetic' double groundstates 6 . In a system with sufficient coupling in which supercurrent could be measured we would expect therefore to observe a 0 − π phase transition in the phase relation of the junction in these regions. With QD1 OFF resonance we observe no Josephson current in this measurement region and therefore conclude that the local processes through QD2 are completely suppressed by the small tunnel coupling and large charging energy. When we consider the condition with both QDs ON resonance we observe an enhanced I sw , shown in Supplementary Fig. 9 (d), indicating the presence of the non-local processes.
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Supplementary Note 6
Magnetic field dependence of I sw
Here we briefly discuss the observation of characteristic suppression of the measured switching current when one QDJJ is occupied by an odd electron number leading to a negative Josephson energy. Consider the data presented in Supplementary Fig. 10 (a) in which we focus on the crossing of a pair of Coulomb charging peaks for each QD. In Supplementary Fig. 10 energy for that junction is negative and the phase relation for that junction has a π shift relative to the other normal (or 0) junction. The total critical current can then be written as
where φ 2 = φ 1 −2π
is the magnetic flux quantum and Φ is magnetic flux penetrating the SQUID loop. In the simplest case we consider I c1 = I c2 = I c giving
When Φ = 0 the current through each junction cancels and no Josephson current flows. If however Φ = π the critical current takes a maximum of I c1 + I c2 . In contrast if both junctions have the same phase relation (0 or π-junctions) the critical current takes its maximum value for Φ = 0 and its minimum for Φ = π. Due to the small size of the loop only a small decrease or increase in I sw is detected before reduction due to the decrease of the superconducting gap. Note that similar measurements with B ⊥ z, shown in Supplementary Fig. 11 , revealed no equivalent effects which supports the conclusion that the flux penetrating the small loop causes the magnetic field dependence.
The retrapping current is very sensitive to the Q parameter as so can be used as a probe to observe the changes in the dissipation in the system. Example sketched V (I) characteristics for different Q are shown in Supplementary Fig. 13 .
In this picture we can consider that one QD in our system may act as a tunable local envi- To analyse the effects of the dissipative environment in more detail we consider the ratio (I sw − I r )/I sw which gives a measure of the hysteresis in the V (I) trace. Supplementary Fig. 15 shows the switching current I sw and retrapping current I r measured as a function of gates V sg1 and V sg2 . In (c) we plot I sw and I r extracted along lines A, B, C and D in (a) and (b). In (d) we plot the ratio (I sw − I r )/I sw . In regions with (I sw − I r )/I sw = 0 the junction displays no hysteresis or displays no supercurrent. In regions with (I sw − I r )/I sw > 0 the junction displays an underdamped V (I) characteristic. In the plot of ratio (I sw − I r )/I sw we can clearly identify the region in which QD1 has odd electron occupation despite the fact that the Coulomb peak feature at lower V sg1 is unclear in the I sw data in (a) at V sg1 ∼ −1.1 V .
Extracting (I sw − I r )/I sw along the resonance of QD1 (line B in Supplementary Fig. 16 ) we observe that there is a decrease in hysteresis close to the Coulomb peaks of QD2. The decrease is typically seen on the odd electron occupation side of the Coulomb peaks and therefore typically shifted relative to the peaks in enhanced I sw discussed in the main text which occur on the Coulomb peak. The enhanced I sw reported in the main text also has a different lineshape when compared with the changes in hysteresis as the enhanced I sw with changes in I sw spanning a wider range of gate than the regions with suppressed (I sw − I r )/I sw . As the hysteresis features are not correlated with the enhanced and suppressed supercurrent we conclude that changes in the local dissipative environment caused by changes in the gate conditions cannot account for the observed features.
We however cannot exclude an effect from the tunable dissipative environment as the effect if present cannot be simple extracted from the measurement data. A possible improvement for future measurements will be the engineering of a low impedance measurement environment to detect the actual critical current of the DQD JJ 18 .
